I. Introduction
Motor insurers in the United Kingdom are not subject to Government control over the rating structures they use or the levels of premiums they charge. The market is highly competitive, and each insurer therefore needs to make the best estimate he can of the premium required for each category of risk, to produce a given level of profit. He also needs to estimate the extent to which departures from such premium levels carl be justified, for example in order to have a simple rating structure or to meet competition.
The purpose of this note is to give some examples of the statistical tabulations being produced ill one insurance office in the United Kingdom. The statistical system which has been developed covers many aspects of motor insurance management, but in this note we shall direct attention to just two, namely (i) colltinuous review of the variations in the claims experience from one risk category to another, as a guide to the relative premiums required for the different categories; and (ii) continuous review of the changing composition of the portfolio and of the movements in and out, to try to assess the extent to which gains and losses of business can be attributed to pricing differences, marketing strategies, etc.
Reviewing ghe relative claims experience of different risk calegories
The system provides for the separate study of claim frequencies and amounts of claims. The study of amounts of claims is used to produce assumed average amounts of claim which are then associated with the claim frequencies.
All importaat feature of the method is the use of a model, with a standard set of parameters, to represent the expected claims experience. The parameters used in the model are based on earlier research on the same portfolio analysed by all the main factors simultaneously; a form of least squares fitting was used, and the resulting parameters were adjusted after studying the experience of a number of successive periods. The actual experience is compared with that expected, quarter by quarter and year by year. An additive model is used for the claim frequency and a similar additive model is used for the average amount of claim. In each case the model provides for parameters for each level of up to nine factors, and also for a constant parameter since although this is not strictly necessary it is convenient to have one. The standard table currently used for claim frequencies has, in addition to the constant parameter, fifty-one different parameters related to eight of the nine factors.
The collection of the data for statistical analysis forms part of a data processing system based on magnetic tape files and incorporating the preparation of policy schedules, of endorsements giving details of changes (e.g. change of car), of renewal notices (premium billing) and accounting documents associated with premium and claim payments, and the automatic calculation of premiums by reference to the factors on which they are based. Numerous checks are incorporated in the system to try to ensure that the data are complete and accurate.
Because of the time which elapses between the date on which insurance begins for a new policy and the date on which the new record appears on the file, and because of the similar kinds of delay which occur with lapses, claims and changes generally, it is impossible for a statistical system to be both up to date and accurate. (It is all too easy to be out of date and inaccurate.) In the system described, no attempt is made to study the experience until at least three months after the end of the period under review; this allows time for most of the changes, including claims, relatiug to the period to be notified to the file. Table z shows an extract from one of the tables which bring together the results of the analyses of claim frequencies and average amounts of claims. The table refers to private cars insured comprehensively and the period covered is the year z969. The actual tabulations include other columns, but those shown in the table are sufficient to illustrate the method. The big advantage of using a model to represent the expected experience is that it enables us to look at the experience by one factor at a time, and make reasonable allowarme for the effect of associations between that factor and those in the standard table. However, there is no reason why a factor should not be defined so as to incorporate a simultaneous analysis by two or more of the basic factors, and this is done in a few cases. Noles to Table z Col. 2. is based on quarterly censuses of the policies in force; each census is taken 3 months after the end of the quarter.
Col. 3 is based on the claims which have accident dates in the quarter and have been notified to the file when the census for the end of the quarter is taken. A further count is made 3 months later to test the proportion of late notifications.
Col. 4 is obtained by calculating an expected annual claim frequency for each policy in force on each census date, and averaging the totals from successive censuses in the same way as for the exposures in col. 2. The expected annum claim frequencies are calculated from a set of standard parameters stored in the computer, using an additive model. The expected numbers of claims are multiplied by a scaling factor to make the total expected number of claims equal to the total actual number of claims for each period, for comprehensive and third party policies separately. Thus the figure on the total line in col. 4 is the same as that in col. 3.
Col. 5 = IOOO × col. 3 + col. 4. Col. 6 = IOOO × col. 3 + col. 2. Col. 7 is calculated by adding to col. 6 an adjustment to allow for the composition of the portfolio for the particular level of the factor being CO~lsidered. It is intended to show the variation in claim frequency which can be attributed to the factor being considered, after allowing for the associations which exist between that factor and those (or those others) to which the standard parameters relate. I11 the examt)le given, factor levels I and 2 refer to catogories of cars which have similar characteristics, but the average age of the cars in level I is much higher. Comparison of cols. 6 and 7 suggests that the difference in the actual claim frequency between levels I and 2 can be attributed to factors other than the one being considered--particularly the age of car.
Col. 8 is obtained by applying to each of the actual claims counted in col. 3 an expected average claim amount, using a set of standard parameters and an additive model similar to that used for the expected claim frequency. The parameters for expected average claim amounts are based on a separate analysis of amounts of claims.
Col. 9 is analogous to col. 4. It is obtained by calculating, for each policy in force Oll each cerlsus date, the annual rate of premimn corresponding to the status of the policy on the census date. The totals from successive censuses are then averaged in the same way as for the exposures and expected numbers of claims. A single premium scale has been applied at each of the censuses used in the above table, although there was a change in premium scale during 1969.
Col. IO = IOOO x col. 8 + col. 9.
The siudy of amounts of claims
There are two main difficulties in studying average amounts of claims. One is the fact that of the claims which occurred in any" recent period a proportion will still be outstanding, mid the uncertainty regarding the amount for which they will ultimately be settled can represent a considerable proportion of the total claims cost. The other difficulty concerns the treatment of large claims. Some adjustment is clearly needed to compensate for the fact that certain risk categories have by chance attracted more or less than their usual share of large claims ; the difficulty arises when we try to determine what their "usual share" is. Table 2 I. These tables are produced for nine main categories corresponding to three classes of vehicle (private cars, motor cycles and commercial vehicles) and three categories of cover (comprehensive, third party with fire and theft, and third party oaly).
2. For each of the nine categories, tables are produced for 9 rating factors (Io in the case of private cars with comprehensive cover)• 3-The tables are produced cumulatively every 3 months to include all closed claims processed up to the end of the quarter• 4-To save space, some of the columns have been omitted. There are 16 columns used in the distribution of claim amounts.
After 2 years, tables similar to Table 2 are produced each year to include all closed claims to date and all claims still outstanding with estimates of their ultimate cost. Table 3 is an example corresponding  to Table 2 . The study of tables of the kinds illustrated in Tables 2 and 3 has shown the need for some process to counteract the disturbing effects of large estimates and large settlements. Experiments have been carried out using different methods of smoothing out fluctuations attributable to large claims. Table 4 shows the results obtained using 6 methods of smoothing. Note to Table 4 The smoothing formulae used in Table 4 
c/,,
Methods M 3 to MQ apply weights which decrease as C increases. The result is that the actual amount of each large claim has some effect on the mean for the group, whereas this is not true in M1 and M2 for claims above the cut-off point.
The smoothed means have been multiplied by a "grossing-up factor" equal to the total actual amount of the claims divided by the total of the smoothed amounts, taken over all levels of all factors. It is becoming clear that the appropriate grossing-up factors vary between some levels of some of the factors (notably the age of the policyholder), but further research, preferably on a national scale, will be needed to determine the extent of the variation.
Of the methods tried so far, M 6 seems to be the most satisfactory. We consider that the final column of Table 4 can be taken as a fair indication that there is no important difference in average claim between the various levels of the factor concerned.
Reviewing the business gained and lost, and the changing pattern of business in force
The quarterly censuses used in the study of the claims experience show how the characteristics of the business in force are changing. Further analyses are prepared each month for policies falling due for renewal in the following month, for new policies issued during the past month and for lapses reported during the past month. (For this purpose, a lapse is a pohcy for which renewal has been invited but not accepted. Policies which are cancelled part-way through the policy year are treated separately.) Table 5 
I. Tables of this kind are produced each month for renewals, lapses and new business separately, in each case for 13 different factors including (for private cars) rating district, car group, age of policyholder and age of car.
2. The entries in the main part of the table are tile numbers of cases expressed per IOOO of the total in each line. Thus, o11 the first line the entry 322 for factor level 3 means that this comprises 322 × 3487o cases• I000 3. The month referred to in tile first column is the month for which renewals were being prepared when the figures o11 the line were extracted• In the above table, produced at the beginning of September 197o, the renewals falling due in October 197o have been processed and the file has been updated for new business and lapses notified to the computer during August 197o.
4. Data are retained on summary cards and next month a new line (11/7o) will be added and IO/69 will be omitted.
5. The trends for the last 3, 6 and 12 months are calculated by the computer by a simple regression method. There are some pronounced seasonal variations in the percentages, although they are much less than the variations in the monthly totals •  Tables of the kind illustrated in Table 6 below are prepared each month for new business and lapses to show both the flows of business in and out and the delays between the effective months and the months of processing. Note to Table 7 The figures still to come in any column can, with some reservations, be estimated from those in the last line in columns to the right• A further series of tables gives adjusted rates of lapse and of new business by each of the rating factors• The number of lapsesis expressed as a proportion of the renewals to which the lapses can be considered to relate• The number of renewals counted for this purpose is based on the latest available table showing the pattern of delay, the assumption being made that the delays are the same for all rating groups. It has been found useful to relate the new business to the renewals in a similar way, partly for comparison with the lapse rates and partly as a seasonal adjustment since the seasonal variation in new business is likely to be broadly similar to the variation in renewals. Table 8 is atl example of one of these tables. The rates are shown per IOOO.
comparing the actual results with those expected on a standard basis is extremely helpful.
(iii) It is not essential that the model used to represent the standard basis should match the observed experience extremely closely. Any one of several models might be adequate as a basis for standardisation. If the observed experience diverges from that assumed in the model, for any of the factors on which the model is based, this will become apparent from the comparisons between actual and expected, and the model can be refined if necessary.
(iv) Whilst the separate study of claim frequellcies and average amounts of claim is esserttial, we must try to ensure that whert the results are combined the two sets of figures are comparable. This is difficult since there will inevitably be much uncertainty regarding the eventual average claim costs for the claims on which the latest frequencies are based.
(v) We have confined our attention to giving examples of tables which are being used, and have not referred to tests of significance of the results. Such tests rnay sometimes be useful, but they need to be applied with care since in the circumstances found in motor insurance the conditions of randomness on which the tests are based may not be satisfied. It appears that over the last few years there have been considerable changes of a non-random nature in the shapes of the claim distributions in the United Kingdom.
